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[57] ABSTRACT 

A mobile comnuinication system is disclosed which pre- 
cludes the necessity for mobile station to performprocessing 
for microcell zone switching even when it moves from one 
microceU zone to another and which permits high-speed 
miciocell zone handover. The service area of mobile com- 
munication is split into a plurality of maaocells; the mac- 
rocells are each subdivided into a plurality of microcells; a 
microcell base station equipped with a transmitting and 
receiving antenna and a power amplifier is installed in each 
microceU; a different communication channel is assigned to 
individual mobile station in the macrocell; even when the 
mobile station moves from one microceU to another, no 
channel handover takes place; and only when the mobile 
station moves from one macroceU to another, a mobile 
network control center which supervises the macrocell base 
stations effects channel handover. 

4 Claims, 8 Drawing Sheets 
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MACROCELL-MICROCELL 
COMMUNICATION SYSTEM WITH 
MINIMAL MOBILE CHANNEL HAND-OFF 

This is a continuation of application Set. No. OS/159,821, 
filed Nov. 30, 1993 now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to mobile radio communi- 
cation systems such as an analog cordless telephone system, 
a digital cordless telephone system, a digital intercommu- 
nicating radio LAN system, an analog automobile telephone 
system and a digital automobile telqphone system. 

In recent years, there have been proposed a cordless 
telephone system which allows a user to use a cordless 
telephone while walking in a building, factory or indoors 
and outdoors* and an automobile telephone system which 
permits a telej^one call and data transmission from an 
automobile being driven at a high speed; these systems are 
now being rapidly put to practical use. In existing systems, 
base stations individually have equipments such as a 
MODEM and a radio signal monitor set and a communica- 
tion control station which presides over a plurality of base 
stations takes charge of channel assignment and channel 
handover. In a case where the service area is far and wide, 
however, the cost of system constructed on will rise high 
because of the necessity of installing a number of base 
stations and the load on the communication control station 
will also increase substantiaUy because of simultaneous 
control of many base stations. Furthermore, in a TDMA/ 
TDD (Time Division Duplex "Ping-Pong transmission^ 
system such as a PHP (Personal Handy Phone) system, 
precise synchronization between base stations is needed, but 
the larger the number of base station, the hard^ their 
synchronization. 

One possible solution to this problem is the configuration 
of a base station for mobile communication disclosed in a 
literature "Studies of Dynamic Channel Assignment in Com- 
munication between Base Stations which Uses Sub-Carrier 
IVansmission** (Ogasawara, et al., 1992 Spring Me^g of 
Institute of Electronics, Information and Communication 
Engineers of Japan, B-315). The proposed configuration is 
to share a MODEM among a plurality of miao cells. In the 
above-mentioned literature a macrocdl base station has such 
a configuration as shown in FIG. 8. Reference numeral 10 
denotes a macrocell base station, 11 through In n MODEMs, 
2 a switching circuit for interconnecting the MODEMs and 
micFocell base station antennas, 31 through 3m m microcell 
base station antennas, 4 a connection control circuit for 
controlling the MODEMs 11 through In and the switching 
circuit 2 to conduct a signal of a specified channel between 
a specified MODEM and a specified antenna, 5 a chaimel 
assignment control circuit which allocates/deallocates the 
MODEMs 11 through In and channels in accordance with 
drcuit allocation/deallocation and indicates to the connec- 
tion control circuit 4 the correspondence between the 
MODEMS 11 through In, the channels and the miaocell 
base station anteimas 31 through 3m, 8 mobile station and 91 
through 9m microcell zones which are covered by the 
microcell antennas 31 through 3m, 

Moreover, there is proposed in a literature **Radio Signal 
Collection/Distribution System for Microcell Mobile Com- 
munication Using Optical Fiber IVansmission" (Shibuya, et 
al., RCS90-12) an optical microcell system which intercon- 
nects eadi miaocell base station and a macrocell base 
station with optical fiber cables, in contrast to the above- 
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mentioned wire microcell base station concentration system 
employing the sub-cairia transmission. This system trans- 
mits an optical signal over the optical fiber cables after 
converting thereto a radio-frequency (RF) signal in the 

5 conventional radio section by means of electro-optic (E/0) 
/opto-electiic (0/E) signal converters installed in each of the 
microcell and macrocell base stations. In this system, each 
microcell base station needs only to have an antenna for 
signal transmission andrecq)tion use, an 0/E-E/O converter 

10 and a power amplifier, and a MODEM and other radio 
equipment can collectively be provided in the macrocell 
base station. This permits substantial miniaturization of the 
miaocell base station and affords a substantial reduction of 
its cost. Besides, in the case of changing the zone 

IS configuration, reshuffle and relocation of microcell base 
stations can easily be done and software modification of the 
macrocell base station can also be effected under centralized 
control Hence, the optical microsystem utilizing optical 
fiber cables can be said to be a promising next generation 

20 microcell system which is highly excellent firom tedinical 
and economical points of view as well as in terms of system 
configuration. 

According to the optical fiber microcell base station 
concentration system utilizing the sub- carrier transmission, 

^ in the case of establishing a channel assignment control 
circuit 5 allocates the MODEM and the channel to be used 
and indicates to the coimection control circuit 5 a combi- 
nation of the allocated MODEM and channel and an antenna 
which covers the microcell zone where the mobile station is 

3^ located. Based on the combination of the MODEM, the 
channel and the antenna indicated from the channel assign- 
ment control circuit 5, the connection control circuit 4 
controls the transmitting/receiving frequency of the 
MODEM and the connection between die MODEM and the 

3^ antenna via the switching circuit, that is, the connection 
control circuit 4 operates so that a signal of fiie specified 
channel is transmitted between the specified MODEM and 
the specified anteima. 
As regards a method for switching zones when the mobile 

^ station moves from one zone to another, there has not been 
proposed so far any particular method suitable for use with 
this system configuration. Supposing use is made of a 
method which, aft^ detecting the necessity of zone han- 
dover in the macrocell base station or mobile station, per- 
forms zone handover following a predetermined procedure 
between the base station and the terminal equipment as is &e 
case with a system having an individual MODEM for each 
microcell zone, the mobile station also needs to have a 

^ processing feature for zone handovear. 

As mentioned above, in the case of enqdoying conven- 
tional base stations for mobile communication, although 
MODEMS are shared among zones, it is necessary that when 
moving from one zone to another, the mobile station periorm 
zone handover through the same procedure as in the system 
having a MODEM for each zone; thus, the mobile station 
needs to follow the zone handover procedure and the zone 
handover takes so much time that there is a possibility of a 
break occurring in communication. 

^ SUMMARY OF THE INVENTION 

The present invention is intended to solve the above-noted 
problems of the prior art, and an object of the invention is 
to provide a mobile communication system which precludes 
6S the necessity of performing any particular processing for 
zone handover by the mobile station and permits high-speed 
zone handover. 
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Furthennore, the use of the base station for mobile 
communication according to the present invention allows 
utilization of various diversities, and hence offers a mobile 
communication system which permits remarkable in^Trove- 
mcnts in the receiver performances of both, of the base 
station and the mobile station by virtue of the div^sity 
effect 

The above-mentioned problems of the prior art could be 
solved by the invention which utilizes novel methods char- 
acteristic thereof listed below. 

In an aspect the present invention relates to a concentra- 
tion system for mobile conununicatiott wherein: the service 
area is split into a plurality of microcells each having a 
radius of smaller than about 100 m; a microcell base station 
composed of a transmitting/receiving antenna and a power 
an^)Mer is provided in each microcell; eadi miaoceU base 
station and a macrocell base station which supervise a 
plurality of microcell base stations are interconnected by a 
terrestrial link or radio channel; and the macrocell base 
station has MODHMs corresponding to the individual 
microcell base stations and processes signals which are 
transmitted from and received by all the microcell base 
stations; and wherein an independent conmiunication dian- 
nel is assigned to each mobile station in the macrocell so that 
no channel handover is needed when the mobile station 
moves from one microcell to another. Moreover, an antenna 
switching control circuit is added to the afore-mentioned 
conventional base station for mobile communication, and on 
the basis of the receiving level of a signal from the mobile 
station received via a plurality of antennas, the antenna 
switching circuit indicates to the connection control circuit 
a change the combination of the MODEM, the channel and 
the antenna, thereby controlling the switching circuit to start 
antenna switching. 

In the case where channels are assigned for eadi maao- 
cell base station, a channel control station for mobile 
communication, which controls a plurality of macrocell base 
stations, needs to effect channel handover when the mobile 
terminal equipment shifts from one macrocell zone to 
another. This calls for a hand-over procedure which is used 
in ordinary mlcroceU mobile communication systems. 

In contrast thereto, the channel control station for mobile 
station, which controls a plurality of macrocell base stations, 
places the channel assignment to all mobile station under its 
centralized control and, in principle, an independent channel 
is assigned to each mobile station in the plurality of mac- 
rocell zones placed under the supervision of the channel 
control station. Only when the channel control station for 
mobile communication runs out of channels to be assigned 
under its control, a channel in a macrocell zone fartherest 
from that where the mobile station requesting the assign- 
ment thereto of a channel is present, or a channel assigned 
to mobile station in a macrocell zone to which the channel 
requesting mobile station is least likely to move is assigned 
thereto. 

By placing the above-mentioned channel assignment 
under sole control of the channel control station fcx* mobile 
communication, it is possible to provide a system whidi is 
substantially free from the necessity of peiforming the 
handover procedure fcx* channel assignment even when the 
mobile station moves from one microcell to another. 

According to another aspect of the present invention, a 
transmission signal from the mobile station is received by 
antennas of all microcell base stations in the macrocell, and 
the macrocell base station detects and compares the received 
signal levels in all the microcell base stations placed under 
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its supervision. The macrocell base station judges that the 
mobile station is present in that one of the miaoceli base 
stations which has the maximum received signal level, and 
selects that microcell base station and demodulates the 
5 received signal from the selected microcell base station, 
while at the same time it transmits a signal from a fixed 
network to the mobile station from the selected microcell 
base station. 

According to still another aspect of the present invention, 

10 the transmission signal from the mobile station is received 
by antennas of all microcell base stations in the macrocell 
and the macrocell base station detects the received signal 
levels and instantaneous phases of the received signals in aU 
the microcell base stations placed under its supervision and 

15 selects those of the microcell base stations whose received 
signal levels are higher than a threshold level Further, the 
macrocell base station puts the received signals from the 
selected microcell base stations into an in-phase relation, 
weights the received signals in accordance with their 

20 received signal levels, combines them into a maximum ratio 
composite signal and demodulates it, while at the same time 
transmits a signal from a fixed network to the mobile station 
via the plurality of selected microcell base stations after 
putting modulation signals corresponding to the selected 

25 midoceU base stations reverse to the instantaneous phases 
detected from the plurality of received signals used for the 
maximum ratio combination. 

Since the present invention performs antenna switching 
by controlling the switching circuit on the basis of the 

30 received level of a signal from the mobfle station detected in 
the maaocell base station as mentioned above, the mobile 
station needs not to carty out processing for zone handover 
when it moves from one zone to another, and the zone 
handover can be achieved at a high speed without incurring 

35 a break in communication. Moreover, since the channel 
assignment to all mobile station is placed under the sole 
control of the dtiannel control station for mobile communi- 
cation which supervises a plurality of macrocell base 
stations, it is possisble to construct a simple microcell 

40 mobile communication system which does not substantially 
involve handover processing even when the mobile station 
moves from one macrocell to another. 

Besides, it is possible to offer stable communication 
services to users at all times by comparing with one another 

45 the received levels of the signal transmitted from the mobile 
station to all of the microcell base stations and transmitting 
a down-channel signal from the microcell base station of the 
maximum received signal level. 
In addition to the above method, received signals of a 

50 plurality of microcell base stations are combined with a 
maximum ratio through the use of their instantaneous phase 
detected values to thereby improve the receiver performance 
in the up diannel, and transmission signals are reversed in 
phase from the above-said instantaneous phase detected 

55 values and then transmitted from the plurality of miaoceli 
base stations at the same time to thereby obtain at the mobile 
station the same receiving gain as in tiie case of maximum 
ratio combined diversity reception; thus, the system of the 
present invention improves the receiver perfonnance as 

60 con^ared with a selectively combined technique with site 
diversity transmitting and receiving systenL 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be described in detail below 
65 with reference to acconq)anying drawings, in which: 

FIG. 1 is a block diagram illustrating an example of the 
construction of the present invention; 
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FIG. 2 is a block diagram lUustratiDg another exan^Ie of control circuit 4 the combination of &e selected MODEM, 

the construction of the present invention; the selected communication channel and the microcell base 

FIG. 3 is a block diagram showing a specific operative station antenna 31 to be connected thereto. Assuming that 

example of a switching circuit for use in the present inven- ^® assigned MODEM is 11 and the number of the assigned 
tion; 5 communication channel 1, the connection control circuit 4 

FIG. 4 is a block diagram showing another specific controls the switching circuit 2 so that a signal of the channel 

operative examples of the switching circuit for use in the 1 is transmitted between the MODEM 11 and the 

present invention* microcell base station antenna 31. Furtiier, a cormnumcation 

i-ri^ - . ui 1 J- 1 * £ *- 1 1- circuit is connected between the microcell base station 

FIG. 5 IS a block diagram explanatory of control switch- ^ j ^i. i_m «*. j- 

* *u u ^ • 11 u * • 10 antenna 31 and the mobile station 8 by radio transmission. 

mc of the connection between microcell base Stations m the t • ^- • *. 

esent invention* ^^^^^^ In this way, the commumcation arcmt, which uses the 

^ ' MODEM and the communication channel assigned by the 

FIG. 6 is a block diagram illustratmg an embodiment for niacroceU base station, is set up between the macroc«U base 

microcell base station antenna selection diversity transmis- station 10 and the mobile station 8. Incidentally, the com- 

sion and reception according to the present invention; munication channel herein mentioned is distinguished in 

HG. 7 is a block diagram illustrating an embodiment for terms of a frequency slot in the case of an FDMA commu- 

microcell base station antenna maximumratio combined site nication system, a time slot (and a frequency slot) in the case 

diversity transmission and reception according to the present of a TDMA system and a code for spectrum spreading in tiie 

invention; and case of a CDMA (Code Division Multiple Access) system 

FIG. 8 is a block diagram showing an example of a 20 Theoperationof the connection control circuit 4 differs with 

conventional macrocell base station. the kind of communication system used. In the case of the 

PRE™d e^^S OFTHE ^STinSfrS 2^ MSte 

channel number corresponding to the frequency slot or code 

FIG. 1 illustrates an example of the construction of the 25 at the time of setting a communication circuit and controls 

base station for mobile communication according to the the switching circuit 2 so that the assigned MODEM and the 

present invention. Reference numeral 10 denotes a macro- microcell base station antenna covering the zone in which 

ceU base station, 11 through In denote n MODEMs; 2 the mobile station requesting the circuit is present are fixedly 

denotes a switching circuit for interconnecting the connected during communication. In tiie case of the TDMA 

MODEMS and antennas of microcell base stations; 31 30 communication system, the connection control circuit 4 

through 3m denote m antennas; 4 denotes a connection indicates to the assigned MODEM the channel number 

control circuit which controls the MODEMs and the switch- coiresponding to the time slot (and tiie frequency slot) at the 

ing circuit to conduct a signal of a specified channel between time of setting a communication circuit and controls the 

a specified MODEM and a spedfied antenna; 5 denotes a switching circuit 2 so that the assigned MODEM and the 

channel assignment control circuit which allocates/ 35 antenna of the microceU base station covering the zone of 

deallocates the MODEMs 11 through In and channels in the mobile station requesting the communication circuit are 

accordance with the circuit allocation/deallocation and indi- connected only during the time slot, 

cates to the connection control circuit 4 the combination of Next, a description will be given of an operation which is 

the MODEMS 11 through In, tiie channels and the antennas performed when the mobile station 8 moves among the 

31 through 3m; 7 denotes a received signal level measuring 40 microcell zones 91 through 9i7i. Let it be assumed that the 

circuit for measuring the level of a signal received firom mobile station 8 is located in the microcell zone 91 and in 

mobile station via an antenna; 6 denotes an antenna switch- communication with the macrocell base station 10 via the 

ing control circuit which indicates to the connection control miaocell base station antenna 31 and, for the sake of 

circuit 4 a change in the combination of the MODEMs 11 brevity, that microcell zones adjoining the zone 91 are only 

through In, the channels and the antennas 31 through 3m in 45 those 92 and 93. In this instance, the destination of the 

tiie case of switching an antenna to another on the basis of mobile station 8 from the microcell zone 91 is tiie miaocell 

the received signal level measured by the received signal zone 92 or 93 along. The received signal level measuring 

level measuring ciroiit 7; 8 denotes mobile station; 91 circuit 7 always or periodically measures the level of a signal 

through 9m denote microceU zones which are covered by the received from the mobile station 8 via the microcell base 

antennas 31 through 3m; and b denotes a macrocell zone 50 station antenna 31, or in response to a request firom the 

which covers the microcell zones 91 through 9m. mobile station 8, Now, let tiie measured level be represented 

A description will be given first of an operation for setting by LI. When the received signal level LI becomes lower 

up a conununication circuit between the mobile station 8 and than a preset threshold level, the received signal level 

the macrocell base station 10. Assume that the mobile station measuring circuit 7 judges that the mobile station 8 is 

8 is located in the zone 91 and is to establish a communi- 55 moving from die miaocell zone 91 toward the adjoining 

cation channel between it and the maaocell base station 10. microcell zone and, measures the levels of signals received 

In this case, the maaocell base station detects the zone &om the mobile station 8 via the miaocell base station 

where the mobile station 8 is present, by a method such as antennas 32 and 33 covering the adjoining miaocell zones 

the afore-mentioned comparison of the levels of the electric 92 and 93. Let the thus measured levels be represented by L2 

wave received form the mobile station 8. Thus, it is detected 60 and L3. In this case, if L2>L1 and L2>L3, then the received 

that the mobile station 8 is present in the zone 91, and the signal level measuring circuit 7 concludes that the mobile 

maaocell base station 10 sets a communication circuit station 8 has moved to the miaocell zone 92. JS L3>L1 and 

between it and the mobile station via the antenna 31. More L3>L2, then it is concluded that the mobile station 8 has 

specifically, the maaocell base station 10 selects the moved to the miaocell zone 93. In the former case, since it 

MODEM and the communication channel to be used for 65 is concluded that the mobile station 8 has moved to the 

communication with the mobile station 8, by the channel miaocell zone 92, communication that has been held so far 

assignment control circuit 5, and indicates to the connection between the maaocell base station 10 and the mobile station 
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8 via the microccll base station antenna 31 is switdied to be 
maintained via the microcell base station antenna 32. More 
specifically, when the mobile station 8 is initially in the 
miCTOceli zone 91, it communicates with the maaocell base 
station 10 via the MODEM 11, and let the number of the 
communication channel used in this case be represented by 
1. Even after having moved to the microcell zone 92, the 
mobile station 8 still keeps on communication via the 
MODEM 11 and ova the communication channel No. 1; 
hence, the mobile station 8 needs not to take microcell zone 
handover into account To perform such zone handover, the 
antenna switching control circuit 6 instructs the connection 
control circuit 4 to change the combination of die MODEM 
U, the channel No. 1 and the antenna 31 to a combination 
of the MODEM 11, the channel No. 1 and the antenna 32. 
The connection control circuit 4 has controlled so far the 
switching circuit 2 to provide the communication channel 
No. 1 between the MODEM 11 and the antenna 31 but in 
response to the instruction from the antenna switdiing 
control circuit 6 it controls the switching circuit 2 to switch 
the MODEM 11 from the antenna 91 to the antenna 9Z 
Thus, only antenna switching is needed when the mobile 
station 8 has moved from the microcell zone 91 to the 
adjoining one 92. 

Next, a description will be given of the case of the mobile 
station moving from one macrocell zone to another. As 
shown in FIG. 5, an ordinary mobile communication system 
requires a mobile network control center c which supervises 
a plurality of microceU zones lb tiirough nb and connects a 
conmuinication circuit between a iixed network and a 
mobile communication netwoik. The communication con- 
trol unit has complete command of pieces of individual 
infonnation such as the microcell zone of a macrocell zone 
in which the mobile station is being engaged in 
communication, and the frequency and the slot number of 
the channel being used by the mobile station. Now, consider 
the case of assigning channels to mobile station indq)en- 
dently for each of macrocell base stations la through na. In 
this case, there is the possibility of different users using the 
same conimuinication dianncl in different macrocell zones; 
so that when mobile station in the macrocell zone Ib^ for 
instance, moves therefrom to the macrocell zone 2b^ the 
received signal level of a signal transmitted from a microcell 
base station antenna la 9m drops below a prescribed thresh- 
old (When mobile station moves from one microcell zone to 
another microcell zone in the same macrocell zone, the 
received signal level will not become lower than the thresh- 
old level for macrocell zone handover because the microcell 
base station antenna is automatically switched), and a 
handover request foe the macrocell zone 1 is presented to the 
macrocell base station la through a control channel The 
macrocell zone handover request is transferred to the mobile 
network control center c, which secures an unused commu- 
nication channel in the maaocell zone 2n for the noobile 
station requesting the macrocell zone handover and then 
follows an ordinary hand-over procedure (an existing 
method) to perform handover from the microcell zone la 9m 
to the miaocell zone 2a 91 between different maaocell 
zones. 

On the other hand, in the case where the mobile netwoik 
control center c which supervises all the maaocell zones in 
through nb controls the channel assignment to all mobile 
station, an independent communication channel is assigned 
to individual mobile station in all of the maaocell zones lb 
throu^ nb placed under the supervision of the mobile 
network control center c and no channel handover is 
involved even when mobile station moves from one mac- 
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rocell zone to another. Only when all the channels for 
assignment are occupied or busy, the conununication 
channel, which is being used by mobile station in the 
maaocell zone fartherest from that in which the channel 
5 requesting mobile terminal equipment is located or the 
maaocell zone to which the requesting mobile station is 
least likely to move, is assigned thereto; fa instance, when 
the channd requesting mobile station is in the maaocell 
zone lb, the communication channel, which is being used by 
mobile station in maaocell zone remotest from that of the 
requesting mobile station, is assigned. This permits con- 
struction of an extremely simple-configured mobile com- 
munication system which hardly involves the handova 
processing. 

15 Moreova, a space diversity for selecting an antenna is 
also possible by providing a plurality of antennas in each 
miaocell base station forming the mobile communication 
system of the present invention. HG. 2 shows an exanq)le in 
which two antennas are provided in one miaocell base 

20 station. Reference numerals 311 and 312 denote two anten- 
nas installed in the microcell base station in the miaocell 
zone 91, 321 and 322 two antennas installed in the miaoceU 
base station of the miaocell zone 92, . , . , 3/n 1 and 3m 2 
two antennas installed in the miaocell base station of the 

25 microcell zone 9m. A description will haeinbelow be given 
of an operation for an antenna selection diversity. 

Let it be assumed that the mc^ile station 8 is in the 
miaocell zone 9i and is engaged in communication with the 
maaoceU base station 10. The received signal level mea- 

30 suring circuit 7 always or paiodically measures the levels of 
signals received from the mobile station 8 via the antennas 
311 and 312. The thus measured signal levels will herein- 
after be represented by La and Lb. When La>Lb, the 
maaocell base station 10 and the mobile terminal equipment 

35 8 communicate via the antenna 311, whereas then Lb>La, 
they communicate via the antezma 312. In conaete terms, 
the maaocell base station 10 and the mobile station 8 
communicate with each otha using the MODEM 11. Now, 
assume that the numba of the communication channel being 

40 used is No. 1. In the case of using the antenna 311 for 
communication, the antenna switching control circuit 6 
indicates to the connection control circuit 4 a combination of 
the MODEM It, the channel number 1 and the antenna 311, 
and the connection control circuit 4 controls the switching 

45 circuit 2 so that a signal in the communication channel No. 
1 conducts between the MODEM 11 and the antenna 311. In 
the case of using the antenna 312 for communication, the 
antenna switching control circuit 6 indicates to the connec- 
tion control circuit 4 a combination of the MODEM 11, the 

50 channel No. 1 and the anteima 312, and the connection 
control circuit 4 controls the switching circuit 2 so that a 
signal in the communication channel No. 1 conducts 
between the MODEM 11 and the antenna 312. 
The switching circuit 2 may be formed by a switch matrix 

55 such as shown in FIG. 3 or a combination of SPMT (Single 
Pole Multithrow) switches and combine/branch circuits such 
as shown in HG. 4. In FIG. 3, reference numaals 221 
through 22y denote j MODEM side connection lines, which 
correspond to connection lines 201 through 20n in FIGS. 1 

60 and 2; 231 through 23^ denote k antenna side connection 
lines, which correspond to connection lines 211 through 2hn 
in FIG. 1 or connection lines 2111, 2112 throu^ 21/wl, 
21m2 in FIG. 2; and 2411 through 24jk denote coupling or 
combination switches, which effect ON/OFF control of 

65 combinations of the MODEM side connection lines 221 
through 22y and the antenna side connection lines 231 
through 23^. Hence, arbitrary combinations of MODEMs 
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and antennas can be obtained by controlling the the combi- microceli base station antenna 37 over a wire cable 37c is 

nation switches 2411 through 24jk, For example, the demodulated by a demodulator lia, while at the same time 

MODEM 12 and the antenna 33 in FIG. 1 can be connected a signal from a fixed network is modulated by a modulator 

by turning ON the switch 2423. li^ is then transmitted as a down-channel signal to the 

In HG. 4, reference numerals 251 through 25; denote] 5 mobile station 8 from the microceU^^^ 

MODEM side connection lines, which correspond to the at the toe of ret^Uon Thus a stable communis 

connection tines 201 through 2(h inFIG. 1;261 through 26k ^f^'l'' ^8^^ ^^t^ ^ ^? achieved at 

denote Is antenna side comiection tines, which coxrespond to ^ Moreover, in tins mstance tiie qjptication of the 

tiie connection tines 211 through 21in in HG 1 or connec- af ore-menUoned space diversity to the miaoceti base sta- 

tion tines 2111, 2112 through 21wil, 21m2 in FIG. 2; 271 10 ^ions further m^roves the receiver performance in combi- 

tiirough 27; denote SPMT switches; 281 through 28Jfc denote '^^^^^ diversity. 

combine/branch circuits; and 2911 through 29jk denote ^^G. 7 iUustrates an embodiment of a maaocell base 

connection tines between the SPMT switches and the ^^^^^ antenna maximum ratio combined site diversity 

combine/branch circuits. The SPMT switches 271 through transmission and reception system. In FIG. 7, the transmis- 

27y each select an antenna to which tiie connection tine fiom 15 sion signal from the mobile station 8 is received by aU the 

die MODEM is to be connected. Each combine/branch microceU base station antennas 31 tiirough 36 in the mac- 

drcuit combines/branches signals between tiie connection ^ maooceU base station 10, the received signal 

tines from all oftiie SPMT switches and one antenna. Hence, instantaneous phases at all tiie microceU base 

arbitrary combinations of MODHMs and antennas can be station antennas 31 througji 36, placed under its supervision, 

implemented by controUing the connection of tiie SPMT 20 are detected by means of the received signal level measuring 

switches. For example, tiie MODEM 12 and the antenna 33 ^^^^ 7 and an instantaneous phase detector 72, and the 

in FIG. lean be connected by controUing tiie SPMT switch microceU base station antennas 31, 32, 34 and 35 are 

272 to connect die MODEM side connection tine 252 to tiie selected whose received signal levels are higher tiian a 

connection tine 2923 leading to tiie combine/branch circuit certain tiireshold level. At tiie same time, tiie pluratity of 

283 2^ received signals from tiie selected nucroceU base station 

nie transmission system between tiie MODEM and tiie ^M?".' j"^,^ ^^^^^ "^^^^L^*? "^"'^^ 

antemia may be a base band, intermediate-frequency, or '^^^ ^.^.''^t.^ 1 ^v' ^^usttoximum ratio 

^ .. ^ jlI. combme circmt 73, and the plurauty of received signals are 

radio-frequency transmission system, and between the ... • *' i.<j 

.... ^ .... . 1 *^ - 1 u combmed and detected as a maximum ratio combined 

switching circuit and the antenna, an electric signal can be . , a.. » j j w j u j j 1 t* 

*— *j 1 • 1 30 signal, ^^ch is demodulated by a demodulator Ito. By this, 

transmitted as an optical signal. .^T^ -t^i * ^ ^i. • xi. • ^ r 

, , . it IS possible to further improve the receiver perfonnance of 

The switching curmt may be formed usmg optical ^^e macroceU base station of die microceU base station 

switches as weU as base band switches and IF/RF switches. antenna selection diversity transmission and reception 

The use of optical switches peimits enhancement of tiie system, tiiat is, tiie receiver performance in tiie up-channeL 

isolation in tiie switching circuit, expedaUy in tiie case of 3^ Que possible metiiod for tiie phase adjustment is tiiat ttie 

conducting tiie IF/RF transmission between tiie MODEM instantaneousphaseof tiiat one of tiie received signals by tfie 

and tiie antenna. Besides, in die case of employing an optical selected microceU base station antennas which has tiie 

signal transmission between tiie switching circuit and tiie maximum signal level is set as a reference phase, witii which 

antenna, no photoelectnc conversion is needed at die joint tjje otiier selected received signals are put in phase. The 

between tiiem, and hence a conversion loss can be avoided ^ difference from the reference phase, detected at tius time, is 

The above has described spedtic embodiments of the utilized as phase difference information 75 during down- 
switching circuits and embodiments of die space diversity channel transmission. 

utiUzing tiiem. Next, embodiments of die site diversity Next, a description wUl be given of a metiiod whereby tJie 
transmission and reception system wUl be described. With a signal from tiie fixed network is transmitted from tiie mac- 
view to making dear tedmiques of ttie site diversity trans- 45 roceU base station to the mobile station via tiie microceU 
mission and reception system, ttie above-described switch- base station antenna. Assuming tiiat of tiie microceU base 
ing circuit wUl be omitted in the foUowing description; in station antennas 31, 32, 34 and 35 sdected at the receiving 
practice, however, tiie appUcation of the switching ciraut the up-channel signal, the microceU base station antenna 35 
permits implementation of tiie site diversity transmission is the highest in flie levd of tiie received signal, the 
andreceptionsystemwithoutanydifiBcuIty. Furthermore, it 50 instantaneous phase of tiie recdved signal is used as a 
is easy to combine tiie afore-mentioned antenna sdection reference phase. Letting differences between tiie instanta- 
diversity with tiic site diversity transmission and reception neous phases of tiie signals lecdved by the miaoceU base 
system described bdow. station antennas 31, 32 and 34 and tiie reference phase be 
HG. 6 iUustrates an embodiment of a microceU base represented by A631, Ad32, and A6, respectively, down- 
station antenna selection diversity transmission and recep- ss channd modulation signals which are transmitted from the 
tion system. In FIG. 6, a transmission signal from the mobUe microceU base station antennas 31, 32 and 34 are phase 
station 8 is recdved by aU microceU base station antennas 31 shifted -A031, -A932, and -A634 by a phase shifter 74. 
to 38 in the macroceU zone, and the macroceU base station After this, the down-channd modulation signals are simul- 
10 detects, by the recdved signal levd measuring circuit 7, taneously transmitted to the mobUe station 8 from die 
tiie received signal levels at aU of the miaoceU base station 60 selected microceU base stations 31, 32 and 34, whereby die 
antennas 31 through 38 placed under the supervision of the maximum ratio combined diversity reception equivalentiy 
macroceU base station 10 and sdects, by a levd con^arator takes place at the mobUe station 8. This further improves the 
71, the microceU base station antenna 37 which presents the recdver performance at the mobUe station 8 as compared 
maximum recdved signal level In tiiis situation, it is witii the afore-mentioned sdect combined site divarsity 
conduded that the mobUe station 8 is present in the zone 97 65 systenL When the transmitted power from any of the miao- 
covered by the selected microceU base station antenna 37, ceU base stations is the same in the macroceU base station, 
and the recdved signal which is transmitted from the the diversity gain can be made larger than in the case of 
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using the afore-mendoned antenna select combined site MODEMS; a plurality of antennas; a switching circuit for 
diversity reception system; hence the number of microcell interconnecting said MODEMS; and said antennas; a con- 
base stations in one macrocell zone can be reduced as shown nection control circuit for connecting said MODEMS and 
in FIG. 7. said switching circuit to transmit a signal of a specified 
As will be appreciated from the above, the present inven- ^ channel between a specified one of said MODEMs and a 
tion has such advantages as mentioned below. specified one of said antennas; a channel assignment control 

(1) High quaUty and high reliabiUty of communication ^^^^ ^hidi aUocates/deaUocates said spcdfied MODEM 
during moving of mobile station between microcell zones. said specified channel in accordance with a channel 

(2) Simplification of the system configuration because of allocation/deaUocation and indicates to said connection con- 
unnecessity for the hand-over procesure between microceU ^ correspondence between or a combination of 
zones specified MODEM and said specified channel; a 

(3) Reductionof costofthesystemconfigurationbccause signal level naeasuring circuit for measuring the 
of unneccssity for the hand-over procedure between micrcv ^^f^ ''^^ 1*^^^ of said antennas m an arbitrary one of 
cell zones channels; an antenna switching control circuit starting 

(4) High quality of communication by virtue of space antenna switching on toe basis of the mcasur«l s^^^^^^^ 
diversity. ^ by said received level measunng circuit and mdicating to 

^* w t *, * • t_ _^ ^ ■ said connection control circuit a change of the combination 

divSiiS^^ coimnumcation by vertue of site „j j^o^EM and said channel; Zid each of said mac- 

,^ _ . . , , , roceli base stations uses an optical fiba line as a transmis- 

(6) Reduction of cost for the system construction by sion line interconnecting each of said antennae and said 
increasing the imcrocdl base station spacmg. ^^tdiing circuit and optical switches for said switching 

(7) Reduction of cost of mobile station owing to unne- circuit 

ccMity of the hand.-over procedure. 3. jj^bile communication system according to claim 1, 

what we daun is: in which the use of a microcell base station antenna selection 

1. Anwbdecommnmcatioiisystemwl«:n^ 25 diversity transmission and reception system, wherein a 
of mobde communication ^ divided mto a jrfunihty of transmission signal from each of said mobile stations is 
maaoccU zones eaA composed of a plurahty of nucroceU ^^.^^ ^ ^ ^ ^ . 

zones, a microcell base station having a transmitting and ,, j n u • * 

. . . J , ' 4 J- macrocell zones, and said macrocell base station m said one 

reccivmg antenna and a power amplifier disposed m each of ^ a > o<^^ ua^^ ^uxi^yju lu ^cu^ 

... 11 . ^Ttf ^ ^ • _^ 01 said macrocell zones detects and compares with one 

said microcell zones, miaocell base stations m respective • j • 1 1 i * *j "^t^ ^ 
macroceU zones and a macrocell base station sup<ivising » anotiier the re<^ved signal levels at said antennas 

thembetoginterconnectedviatenestriallinks orradiolinks, miaoceU base stations placed undarttie supervision of 

said maaoceU base station comprising a pluraUty of ^^id maaoceU base station, con^^^ 

MODEMS corresponding to said inicro^ bkse stations "'^i'' '^"'^ '"f"?'"!"' *^ *"'^f ^ "tT^"^ 

placed under the ^'Ln of said maaocell base station, «'*respon<b to flie microcdtt base station of the 
J -J 11 f ^ ... • I 1.. «_ 5* maximum received level, selects said one of said microceU 

and said macrocell base station processes signals which are 35 ^ vx, wu^^ aax^^ iiiiw 

A— J J • J iT ft r 'J • 11 base stations, demodulates said received signal of said 

transnutted from and received by all of said microcell base , ^ . . ' ... j^^* j-s^^i^ 

stations selected microcell base station by a demodulator corrc- 

' . . , . ..^ sponding thereto and provided in said macrocell base 

said mobile commumcation system having different com- station, and transmits data from a fixed network to said 

munication channels assigned to mdividual mobile selected mobile station from said selected microcell base 
stations in each of said macrocell zones; 40 station, thereby improving the receiver perfoimance of said 

no channel handover takes place even when eadi of said mobile station, 

mobile stations moves from one of said microcell zones 4. A mobile communication system according to claim 1, 

to another while said links are switched at said mac- \^ch a miaocell base station antenna maximum ratio 

roceli base station on at basis of a received level from combined technique with site diversity transmission and 

said mobile station; reception system is employed wherein a transmission signal 

only when each of said mobUe stations moves from one fr?niany one of smd mobile stations is recew^^ 

of said macrocdl zones to another, a mobHe network f ^ "^^.f 

ux >aiu iiiawuwtii z,uuca w auuuici, a muuuc uciwux*. maoocell base Station in said one of said maaocell zones 

control center for mobile communication, supervismg ^^tects the received signal levels and instantaneous phases 

saidplurahtyofmacrocdlbasestations,man of said signal detected in aU of said microcell base stations 

nel handover, said mobile network control center f<x placed under the supervision of said maaoceU base station, 

mobile communication solely supervising channel selects those of said microcell base stations whose received 

assignment to respective mobile stations; signal levels exceed a certain threshold level, puts said 

different channels being assigned to individual mobile plurality of received signals from said selected microcell 
stations in said plurality of macrocell zones; 55 base stations in phase with each other and weights them 

when eadi of said mobUe stations moves from one of said accoiding to their received signal levels, d^ects their sum as 

macrocdl zones to another, if all channels are not ® maximum ratio combined signal, demodulates said maxi- 

alrcady assigned, no channel handover takes place; and combined signal by a demodulator provided in 

1 L twi-i- I ij . , , - said macrocell base station, puts modulation signals corre- 

only when aU the chmiels areakeady assigned achannd sponding to said selected miaocell base stations reverse to 
used by one of said mobile stations ma macroceU zone 60 said instantaneous phases detected from said plurality of 

remotest from that where any of said mobile stations received signals used for generating said maximum ratio 

requesting diannel assignment or in a macrocell zone combined signal, and then transmits signals from a fixed 

to which said requesting mobile station is least likely to network to said one of said mobile stations from selected 

move is assigned to said channel requesting mobile microcell base stations at the same time, thereby improving 
station. 65 the receiver performance of said one mobile station. 

2. A mobile communication according to claitn 1, in 

which said macroceU base station comprises: a plurality of * :|c 4c 
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